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(57) ABSTRACT

A Flexible Band Offset (FBO) apparatus and method of per-
forming Sample Adaptive Offset (SAO) filtering within
encoders and decoders, such as according to the High Effi-
ciency Video Coding (HEVC) standard, and similarly config-
ured coding devices. The number of Band Offset (BO) modes
and the number of necessary offsets is reduced. The invention
beneficially provides simpler coding, reduces temporary
buffer size requirements, and can yield a small performance
gain over existing SAO techniques of HEVC test model HM
5.

20 Claims, 4 Drawing Sheets

10~
12+,
----------------------- B L L L
14 ! Video Encoder % E
N Entropy !
1 _-20 . Q Encoding H
i Femmmmmm——ma- M= mmemm-— 1 H
: ¢ INTER Prediction ; 30 32 T !
P : 34
b1 ME ; ;
16 E E \22 24~ E ___________________ s
Reference \ : : N L :
[ w [ N
! 26 A N
E Eoooi48 E
18y} . !
E Pl :



US 9,161,035 B2

Sheet 1 of 4

Oct. 13, 2015

U.S. Patent

m Alowen m m T FESIT
m M a mvm sim mm%‘%mi 5
A CH B LCEAL N
b - - 3 B T tstetutoteteheteits T H S
AN ; ey § § saumld
oY g oz \m P N J sousiagey /
aaaaaaaaaaaaaaaaaaa 8 m w f/:nVN wai/ mm.
; 3N
Mm“ml/, m
Nm;/ m.. udHaipeld YN
Buipoous B B
) Adosuz e O = /,,
vi
EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEE A...IBEBB!BE!BElsiisissisiism
~ gt



US 9,161,035 B2

Sheet 2 of 4

Oct. 13, 2015

U.S. Patent

AR E
: 6
mmwb? Buposeq | _ hm%m 084 +
m fdosug M@ =l Evmﬁf va "16uppogeqi | OVS
; £
” /,, 08 //Nw ' ] wm\
m 8L UonoIpsld
o YHIN
; 7
| Kiowap ; : \mrf.mi.w. AN e !
: ) ; : 26" Lument . :
Py 0L ess ! 98 :
M : : P ouonoipeld HALNE
i P emmmmmeeepe e
: : £ a9g -
: : ; 18p008(] 0BDIA
L pmnt msﬁsswu_e sssssssssssssssssssssssssssssssssssssssssssssssssssssssss
0 | R A




US 9,161,035 B2

Sheet 3 of 4

Oct. 13, 2015

U.S. Patent

g€ Old

puBg 19Si0
0IBZUOU 15414

wiolp Buieis
1W9S 818 S19sSy0

B s

17OE anoin puones

vE BOid

0708 dnoiny 181

pUBE 19SH() 0I8Z-UoU 18414

1708 dnoigy puooeg




US 9,161,035 B2

Sheet 4 of 4

Oct. 13, 2015

U.S. Patent

gy 'Ol

spueq Buiuiews)
01 818840 OVS cisz Buippy

G5

ﬂ

519840 QS Buippe pue
SPUBQY SAIINDABSUOS ¥ BuiAjiusp

vl

!

SpURQY BAIINDASLOD
i 10} 819840 QS Buipeosq

%

!

DUBGY 189S0 0I8Z-UoU 181 8l

a1e0ipul 01 8000 YiBus| paxi4 B Buipoos(

~0E1

vy "old

SPUBQ BAIINDASLOD ¥ 8L
10§ 81880 OYS Buipoouy

91

W

pued 19sjo
0IBZ-U0U 1841 BY1 81BOIDUI O
apos yibus) pexiy © Buipoous

L

W

S198H0 OYS 0JBZ sARY
spueqg Buiuewel Buunssy

T AN

W

S18SJ0 QY5 WliM
spuBg 8AIN08BSUCD & BuoB|es

iy’




US 9,161,035 B2

1
FLEXIBLE BAND OFFSET MODE IN
SAMPLE ADAPTIVE OFFSET IN HEVC

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application is a nonprovisional of U.S. provisional
patent application Ser. No. 61/589,127 filed on Jan. 20, 2012,
incorporated herein by reference in its entirety.

STATEMENT REGARDING FEDERALLY
SPONSORED RESEARCH OR DEVELOPMENT

Not Applicable

INCORPORATION-BY-REFERENCE OF
MATERIAL SUBMITTED ON A COMPACT DISC

Not Applicable

NOTICE OF MATERIAL SUBJECT TO
COPYRIGHT PROTECTION

A portion of the material in this patent document is subject
to copyright protection under the copyright laws of the United
States and of other countries. The owner of the copyright
rights has no objection to the facsimile reproduction by any-
one of the patent document or the patent disclosure, as it
appears in the United States Patent and Trademark Office
publicly available file or records, but otherwise reserves all
copyright rights whatsoever. The copyright owner does not
hereby waive any of its rights to have this patent document
maintained in secrecy, including without limitation its rights
pursuant to 37 C.F.R. §1.14.

BACKGROUND OF THE INVENTION

1. Field of the Invention

This invention pertains generally to video encoding and
decoding, and more particularly to Sample Adaptive Offset
(SAO) within high-efficiency video coding (HEVC) systems.

2. Description of Related Art

Demand continues for increased video resolution and asso-
ciated coding systems which optimize compression of these
videos, while being scalable across the range of target reso-
Iutions. The latest efforts in this direction by the Joint Col-
laborative Team on Video Coding (JCT-VC) of ITU-T and
ISO/IEC MPEG aim to support ultra high resolution and
mobile applications as well as reduce the bitrate compressed
in H.264/AVC coding systems, within a High Efficiency
Video Coding (HEVC) standard.

Unlike many previous coding systems, HEVC divides
frames into Coding Tree Blocks (CTBs) that can be further
subdivided into Coding Units (CUs), such as using quadtree
segmentation. A coding unit (CU) may have variable sizes
depending on video content toward achieving a desired cod-
ing efficiency. CUs typically include a luminance component
Y and two chroma components, U and V. The size of U and V
components relate to the number of samples, and can be the
same or different from that of the Y component, as depends
upon the video sampling format. The CUs can be further
subdivided into Prediction Unit (PU) partitions during intra-
prediction and inter-prediction as well as Transform Units
(TUs) defined for transform and quantization. Transform
units (TU) generally refer to a block of residual data to which
a transform is applied when generating transform coeffi-
cients.
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HEVC introduces new elements over current video coding
systems, such as H.264/AVC, and similar codecs. For
example, although HEVC still involves motion compensated
inter predictions, transforms, and entropy coding, it utilizes
either arithmetic coding or variable length coding. In addi-
tion, following the deblocking filter is a new Sample Adaptive
Offset (SAO) filter. The SAO unit considers the entire frame
as a hierarchical quadtree. Quadrants in this quadtree are
activated by the SAO transmitting syntax values which each
represent an intensity band of pixel values referred to as band
offset (BO) or the difference compared to neighboring pixel
intensities referred to as edge offset (EO). For each type in
SAO (BO and EO), transmitted offset values referred to as
SAO offset will be added to the corresponding pixels.

In the HM 5.0 version of HEVC, there are four (4) EO
(Edge Offset) modes and two (2) BO (Band Offset) modes for
Sample Adaptive Offset (SAO). EO modes transmit four (4)
offsets while BO modes transmit sixteen (16) offsets. There-
fore, a temporary buffer is needed at the decoder to store SAO
offsets for each partition until the image (or parts of it) are
decoded.

BRIEF SUMMARY OF THE INVENTION

The present invention is directed at an inventive Sample
Adaptive Offset (SAO) method within HEVC and similar
encoders and/or decoders. Specifically, a Flexible Band Oft-
set (FBO) method of SAO is taught which reduces the number
of Band Offset (BO) modes from two (2) to one (1) and
reduces the number of SAO offsets for BO from sixteen (16)
to four (4). Accordingly, inventive embodiments provide four
(4) SAO offsets regardless of the SAO mode (EO or BO).
Since the maximum number of SAO offsets is reduced (from
16 to 4), the temporary buffer required at the decoder to hold
the SAO parameters is beneficially reduced by approximately
75%. Simulation results illustrate obtaining a small perfor-
mance gain, in particular for chroma components, in response
to utilizing the inventive method.

Further aspects of the invention will be brought out in the
following portions of the specification, wherein the detailed
description is for the purpose of fully disclosing preferred
embodiments of the invention without placing limitations
thereon.

BRIEF DESCRIPTION OF THE SEVERAL
VIEWS OF THE DRAWING(S)

The invention will be more fully understood by reference
to the following drawings which are for illustrative purposes
only:

FIG. 1 is a schematic of a video encoder according to an
embodiment of the present invention.

FIG. 2 is a schematic of a video decoder according to an
embodiment of the present invention.

FIG. 3A is a data diagram of conventional SAO BO mode
utilized in existing HEVC coding under test model HM 5.0.

FIG. 3B is a data diagram of SAO with Flexible Band
Offsets (FBO) SAO filtering according to an embodiment of
the present invention.

FIG. 4A and FIG. 4B are flow diagrams of a Flexible Band
Offset (FBO) method of performing Sample Adaptive Offsets
within an HEVC coding system according to an embodiment
of the present invention within an encoder (FIG. 4A) and a
decoder (FIG. 4B).

DETAILED DESCRIPTION OF THE INVENTION

The inventive flexible band offset (FBO) method of the
invention can be implemented in both encoder and decoder
apparatus as described in the following paragraphs.
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FIG. 1 illustrates an example embodiment of a coding
apparatus comprising an encoder 10 according to the inven-
tion for performing FBO modes within sample adaptive off-
sets (SAO) following the deblocking filter.

The encoder 10 is shown with encoding elements 12
executed by a computing means 46 exemplified with one or
more processors 48, along with one or more memory devices
50. It will be appreciated that elements of the present inven-
tion can be implemented as programming stored on a media,
which can be accessed for execution by a CPU for an encoder
and/or decoder.

In the example, video frame input 14 is shown along with
reference frames 16 and frame output 18. Inter-prediction 20
is depicted with motion estimation (ME) 22 and motion com-
pensation (MC) 24. Intra-prediction 26 is shown with switch-
ing 25 depicted between inter-prediction and intra-predic-
tion. A sum junction 28 is shown with output to a forward
transform 30 which is performed based on the predictions to
generate transform coefficients of residual data. Quantization
of the transform coefficients is performed at quantization
stage 32, which is followed by entropy encoding 34. Inverse
quantization 36 and inverse transform 38 operations are
shown coupled to a summing junction 40.

Output of summing junction 40, is a decoded video signal
which is received by a deblocking filter 42, the Sample Adap-
tive Offset (SAO) filter with inventive FBO modes 44 accord-
ing to the present invention to produce an output 18.

FIG. 2 illustrates an example embodiment 70 of a decoder,
shown with process blocks 72 and an associated processing
means 102. It will be noted that the decoder is substantially a
subset of the elements contained in encoder 10 of FIG. 1,
operating on reference frames 74 and outputting video signal
100. The decoder blocks receive an encoded video signal 76
which is processed through entropy decoder 78, inverse quan-
tization 80, inverse transform 82, and summing 84 between
the inverse transform 82 output and the selection 92 between
inter-prediction 86 shown with motion compensation 88 and
a separate intra-prediction block 90. Output from summing
junction 84 is received by a deblocking filter 94, followed by
SAO module with inventive Flexible Band Offset (FBO)
modes 96 according to the present invention to produce a
video output 98.

It should be appreciated that the decoder can be imple-
mented with a processing means 100 which comprises at least
one processing device 102 and at least one memory 104 for
executing programming associated with the decoding. In
addition, it will be noted that elements of the present inven-
tion can be implemented as programming stored on a media,
wherein said media can be accessed for execution by process-
ing device (CPU) 102.

It will be recognized that elements of the present invention
10 and 70 are implemented for execution by a processing
means 46 and 100, such as in response to programming resi-
dent in memory 50 and 104 which is executable on computer
processor (CPU) 48 and 102. In addition, it will be appreci-
ated that elements of the present invention can be imple-
mented as programming stored on a media, wherein said
media can be accessed for execution by CPU 48 and/or 102.

It should also be appreciated that the above programming is
executable from the memory which is a tangible (physical)
computer readable media that is non-transitory in that it does
not merely constitute a transitory propagating signal, but is
actually capable of retaining programming, such as within
any desired form and number of static or dynamic memory
devices. These memory devices need not be implemented to
maintain data under all conditions (e.g., power fail) to be
considered herein as non-transitory media.
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FIG. 3A and FIG. 3B compare current HEVC SAO filter
operation (FIG. 3A) with the inventive flexible band offset
SAO filter of the current invention (FIG. 3B). In FIG. 3A an
example is seen of two SAO types based on band offset (BO),
in which the first type (First Group BO__0) has central bands,
and the second type (Second Group BO__1) has side bands
seen on each end of the band structure. Toward reducing side
information down to 16 offsets in the conventional SAQO, the
original 32 uniform bands are divided into two groups as seen
in the figure, with the 16 bands in the center assigned to group
1 and the 16 bands on both sides assigned to group 2. Accord-
ingly, one set of SAO offsets is sent for the center 16 bands
(group 1), and one set of SAO offsets is sent for the outer 16
bands (group 2).

There has been some discussions of increasing the number
of BO modes with various numbers of offsets. However, this
would further complicate the design. The present invention is
directed contrary to such offset increases and operates toward
simplifying the design, minimizing the temporary buffer at
the decoder, and unifying the number of SAO offsets for EO
and BO modes. The present invention teaches a method for
utilizing only one BO mode with four (4) SAO offsets, thus
unifying the number of SAO offsets across the SAO modes.

In the present inventive apparatus and method, only a
single band offset type is necessary. The encoder determines
four (4) consecutive bands for which a SAO offset will be
transmitted. It should be appreciated that the encoder may
pick the four consecutive bands based on most distortion
impact, or may utilize any other desired criterion, without
departing from the teachings of the present invention. The rest
of the bands are assumed to have a zero SAO offset. Since
there are 32 possible BO bands in the current design, the first
band for which an SAO offset is transmitted (i.e., first_band)
is between 0 to 31. Thus, the encoder uses a 5-bit Fixed
Length (FL) code to indicate first_band to the decoder. The
offsets are depicted in FIG. 3B showing first non-zero offset
band, with 4 SAO offsets shown with the dotted lines starting
from the first non-zero offset band.

After the first non-zero offset band, the four consecutive
bands with SAO offsets are determined in response to adding
an offset i to the first band and using the modulo remainder
based on number of BO bands N, .. such as (first_band+i)
% Ng.,.... where i€[0,4). By way of example and not limita-
tion, the number of bands N, .. is 32. Thus, the number of
possible offsets transmitted for the remaining bands is sub-
stantially reduced, such as in the above example, from sixteen
(16) SAO offsets down to four (4) SAO offsets.

FIG. 4A is a summary of an example embodiment of the
Flexible Band Offset method for the SAO filter operating in
the encoder. Four consecutive bands with SAO offsets are
determined (selected) at step 110, while the remaining bands
are assumed to have zero SAO offsets at step 112. Then a fixed
length code is encoded at step 114 for indicating to a decoder
the exact position of this first band. The position of the con-
secutive bands with SAO offsets is indicated and each band
encodes a SAO offset as per step 116. As a result of the
invention, the number of BO modes are reduced from two to
one, while the SAO offsets required for BO is reduced from
sixteen to four.

FIG. 4B is a summary of an example embodiment of this
Flexible Band Offset method for the SAO filter operating in
the decoder. The fixed length code received from the encoder
is decoded to indicate 130 the first non-zero offset band. At
step 132, SAO offsets for the four consecutive bands are
decoded. Then the four consecutive band positions are deter-
mined in response to adding SAO offsets, comprising an
offset i, which preferably can only assume values from 0 to 3,
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to the first band and using the modulo remainder based on
number of BO bands, and decoded SAO offsets are added to
corresponding bands at step 134. The remaining bands other
than the four consecutive bands are added with zero SAO
offsets at step 136.

Embodiments of the present invention may be described
with reference to flowchart illustrations of methods and sys-
tems according to embodiments of the invention, and/or algo-
rithms, formulae, or other computational depictions, which
may also be implemented as computer program products. In
this regard, each block or step of a flowchart, and combina-
tions of blocks (and/or steps) in a flowchart, algorithm, for-
mula, or computational depiction can be implemented by
various means, such as hardware, firmware, and/or software
including one or more computer program instructions
embodied in computer-readable program code logic. As will
be appreciated, any such computer program instructions may
be loaded onto a computer, including without limitation a
general purpose computer or special purpose computer, or
other programmable processing apparatus to produce a
machine, such that the computer program instructions which
execute on the computer or other programmable processing
apparatus create means for implementing the functions speci-
fied in the block(s) of the flowchart(s).

Accordingly, blocks of the flowcharts, algorithms, formu-
lae, or computational depictions support combinations of
means for performing the specified functions, combinations
of'steps for performing the specified functions, and computer
program instructions, such as embodied in computer-read-
able program code logic means, for performing the specified
functions. It will also be understood that each block of the
flowchart illustrations, algorithms, formulae, or computa-
tional depictions and combinations thereof described herein,
can be implemented by special purpose hardware-based com-
puter systems which perform the specified functions or steps,
or combinations of special purpose hardware and computer-
readable program code logic means.

Furthermore, these computer program instructions, such as
embodied in computer-readable program code logic, may
also be stored in a computer-readable memory that can direct
a computer or other programmable processing apparatus to
function in a particular manner, such that the instructions
stored in the computer-readable memory produce an article of
manufacture including instruction means which implement
the function specified in the block(s) of the flowchart(s). The
computer program instructions may also be loaded onto a
computer or other programmable processing apparatus to
cause a series of operational steps to be performed on the
computer or other programmable processing apparatus to
produce a computer-implemented process such that the
instructions which execute on the computer or other program-
mable processing apparatus provide steps for implementing
the functions specified in the block(s) of the flowchart(s),
algorithm(s), formula(e), or computational depiction(s).

From the discussion above it will be appreciated that the
invention can be embodied in various ways, including the
following:

1. An apparatus for sample adaptive offset (SAO) signaling
during entropy encoding and decoding of video, comprising:
(a) a video encoder having a computer processor; (b) pro-
gramming executable on said video encoder computer pro-
cessor for: (i) receiving a decoded video signal from a
deblocking filter; (ii) setting a fixed length code within an
encoder, for transmission to a decoder, in response to steps
comprising: (A) selecting four consecutive bands for which
an SAO offset for each will be transmitted; (B) assuming
remaining bands have zero SAO offsets; (C) encoding a fixed
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length code indicating extent of offset for a first non-zero
band offset (BO) of said four consecutive bands; and (D)
generating positioning for said four consecutive bands by
adding an offset to said first non-zero band offset (BO) and
using the modulo remainder based on number of BO bands
and encoding SAO offset for each; (¢) a video decoder having
a computer processor; (d) programming executable on said
video decoder computer processor for: (i) sample adaptive
offset filtering of an encoded video signal based on receiving
said fixed length code within said video decoder, in response
to steps comprising: (A) determining position of said first
band based on decoding said fixed length code; (B) decoding
four SAO offsets for four consecutive bands determined dur-
ing encoding; (C) determining position of remaining bands in
response to adding an offset to said first band and taking a
modulo remainder based on number of BO bands and adding
decoded SAO offsets to them; and (D) adding zero SAO
offsets to all remaining bands.

2. The apparatus of any preceding embodiment, wherein
said system for encoding and decoding of video operates
according to a High Efficiency Video Coding (HEVC) stan-
dard.

3. The apparatus of any preceding embodiment, wherein
said system requires only one band offset (BO) type.

4. The apparatus of any preceding embodiment, wherein
number of SAO offsets for said BO bands are reduced from 16
to 4.

5. The apparatus of any preceding embodiment, wherein
said reduction of possible SAO offsets from 16 to 4 reduces
necessary temporary buffering by approximately 75%.

6. The apparatus of any preceding embodiment, wherein
programming executable on said video encoder computer
processor is configured for transmitting thirty two possible
BO bands for said first non-zero band.

7. The apparatus of any preceding embodiment, wherein
programming executable on said video encoder computer
processor is configured for generating positioning for the four
consecutive bands by adding an offset i to said first non-zero
band and uses a modulo remainder based on number of BO
bands N, .., as (first_band+i) % N, .. where i€[0,4)

8. An apparatus for sample adaptive offset filtering during
video entropy encoding, comprising: (a) a video encoder
having a computer processor; (b) programming executable on
said video encoder computer processor for: (i) receiving a
decoded video signal from a deblocking filter; (ii) setting a
fixed length code within an encoder, for transmission to a
decoder, in response to steps comprising: (A) selecting four
consecutive bands for which an SAO offset for each will be
transmitted; (B) assuming remaining bands have zero SAO
offsets; (C) encoding a fixed length code indicating extent of
offset for a first non-zero band offset (BO); and (D) generat-
ing positioning for said four consecutive bands by adding an
offset to said first non-zero band offset (BO) and using the
modulo remainder based on number of BO bands and encod-
ing SAO offset for each.

9. The apparatus of any preceding embodiment, wherein
said programming executable on said video encoder com-
puter processor utilizes a single band offset (BO) type.

10. The apparatus of any preceding embodiment, wherein
programming executable on said video encoder computer
processor generates 4 possible SAO offsets for said consecu-
tive bands which is a reduction compared to 16 possible SAO
offsets on a conventional HEVC apparatus.

11. The apparatus of any preceding embodiment, wherein
said reduction of SAO offsets reduces necessary temporary
buffering by approximately 75%.
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12. The apparatus of any preceding embodiment, wherein
said programming executable on said video encoder com-
puter processor is configured for transmitting thirty two pos-
sible BO bands for said first non-zero band.

13. The apparatus of any preceding embodiment, wherein
said programming executable on said video encoder com-
puter processor generates positioning for said four consecu-
tive bands by adding an offset i to said first non-zero band and
determines a modulo remainder based on number of BO
bands Ny, as (first_band+i) % Ng,, .. where i€[0,4).

14. An apparatus for sample adaptive offset filtering during
video entropy decoding, comprising: (a) a video decoder
having a computer processor; (b) programming executable on
said video decoder computer processor for: (i) sample adap-
tive offset filtering of video within said video decoder from a
received encoded video signal containing a fixed length code,
having steps comprising: (A) determining position of said
first non-zero band offset (BO) based on decoding said fixed
length code; (B) decoding four SAO offsets for four consecu-
tive bands determined during encoding; (C) determining
position of remaining bands in response to adding an offset to
said first non-zero band and taking a modulo remainder based
on number of BO bands and adding decoded SAO offsets to
them; and (D) adding zero SAO offsets to all remaining
bands.

15. The apparatus of any preceding embodiment, wherein
said programming executable on said video decoder com-
puter processor performs sample adaptive offset filtering
requiring only a single band offset (BO) type.

16. The apparatus of any preceding embodiment, wherein
programming executable on said video decoder computer
processor utilizes 4 possible SAO offsets for said consecutive
bands which is a reduction compared to 16 possible SAO
offsets on a conventional HEVC apparatus.

17. The apparatus of any preceding embodiment, wherein
said reduction of possible SAO offsets from 16 to 4 reduces
necessary temporary buffering by approximately 75%.

18. The apparatus of any preceding embodiment, wherein
said programming executable on said video decoder com-
puter processor is configured for utilizing thirty two possible
BO bands for said first non-zero band.

19. The apparatus of any preceding embodiment, wherein
said programming executable on said video decoder com-
puter processor decodes positioning information from said
encoded video signal for remaining bands having an offset i
added to said first non-zero band and determines a modulo
remainder based on number of BO bands N .., as (first_
band+i) % Ng,,,. Where i€[0,4).

20. The apparatus of any preceding embodiment, wherein
said apparatus for sample adaptive offset filtering during
video entropy decoding operates according to a High Effi-
ciency Video Coding (HEVC) standard.

Although the description above contains many details,
these should not be construed as limiting the scope of the
invention but as merely providing illustrations of some of the
presently preferred embodiments of this invention. There-
fore, it will be appreciated that the scope of the present inven-
tion fully encompasses other embodiments which may
become obvious to those skilled in the art, and that the scope
of the present invention is accordingly to be limited by noth-
ing other than the appended claims, in which reference to an
element in the singular is not intended to mean “one and only
one” unless explicitly so stated, but rather “one or more.” All
structural and functional equivalents to the elements of the
above-described preferred embodiment that are known to
those of ordinary skill in the art are expressly incorporated
herein by reference and are intended to be encompassed by
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the present claims. Moreover, it is not necessary for a device
or method to address each and every problem sought to be
solved by the present invention, for it to be encompassed by
the present claims. Furthermore, no element, component, or
method step in the present disclosure is intended to be dedi-
cated to the public regardless of whether the element, com-
ponent, or method step is explicitly recited in the claims. No
claim element herein is to be construed under the provisions
of 35 US.C. 112, sixth paragraph, unless the element is
expressly recited using the phrase “means for.”

What is claimed is:

1. An apparatus for sample adaptive offset (SAO) signaling
during entropy encoding and decoding of video, comprising:

(a) a video encoder having a computer processor and

memory storing programming;

(b) programming executable on said video encoder com-

puter processor for:

(1) receiving a decoded video signal from a deblocking
filter;

(ii) setting a fixed length code within an encoder, for
transmission to a decoder, in response to steps com-
prising:

(A) selecting four consecutive bands for which an
SAO offset for each will be transmitted;

(B) assuming remaining bands have zero SAO offsets;

(C) encoding a fixed length code indicating extent of
offset for a first non-zero band offset (BO) of said
four consecutive bands; and

(D) generating positioning for said four consecutive
bands by adding an offset to said first non-zero
band offset (BO) and using the modulo remainder
based on number of BO bands and encoding SAO
offset for each;

(c) a video decoder having a computer processor and

memory storing programming;

(d) programming executable on said video decoder com-

puter processor for:

(1) sample adaptive offset filtering of an encoded video
signal based on receiving said fixed length code
within said video decoder, in response to steps com-
prising:

(A) determining position of said first band based on
decoding said fixed length code;

(B) decoding four SAO offsets for four consecutive
bands determined during encoding;

(C) determining position of remaining bands in
response to adding an offset to said first band and
taking a modulo remainder based on number of BO
bands and adding decoded SAO offsets to them;
and

(D) adding zero SAO offsets to all remaining bands.

2. The apparatus recited in claim 1, wherein said system for
encoding and decoding of video operates according to a High
Efficiency Video Coding (HEVC) standard.

3. The apparatus recited in claim 1, wherein said system
requires only one band offset (BO) type.

4. The apparatus recited in claim 1, wherein number of
SAQ offsets for said BO bands are reduced from 16 to 4.

5. The apparatus recited in claim 4, wherein said reduction
of possible SAO offsets from 16 to 4 reduces necessary tem-
porary buffering by approximately 75%.

6. The apparatus recited in claim 1, wherein programming
executable on said video encoder computer processor is con-
figured for transmitting thirty two possible BO bands for said
first non-zero band.

7. The apparatus recited in claim 1, wherein programming
executable on said video encoder computer processor is con-
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figured for generating positioning for the four consecutive
bands by adding an offset i to said first non-zero band and uses
amodulo remainder based on number of BO bands N,,..., as
(first_band+i) % N, Where i€[0,4).

8. An apparatus for sample adaptive offset filtering during
video entropy encoding, comprising:

(a) a video encoder having a computer processor and

memory storing programming;

(b) programming executable on said video encoder com-

puter processor for:

(1) receiving a decoded video signal from a deblocking
filter;

(ii) setting a fixed length code within an encoder, for
transmission to a decoder, in response to steps com-
prising:

(A) selecting four consecutive bands for which an
SAO offset for each will be transmitted;

(B) assuming remaining bands have zero SAO offsets;
(C) encoding a fixed length code indicating extent of
offset for a first non-zero band offset (BO); and
(D) generating positioning for said four consecutive

bands by adding an offset to said first non-zero
band offset (BO) and using the modulo remainder
based on number of BO bands and encoding SAO
offset for each.

9. The apparatus recited in claim 8, wherein said program-
ming executable on said video encoder computer processor
utilizes a single band offset (BO) type.

10. The apparatus recited in claim 8, wherein programming
executable on said video encoder computer processor gener-
ates 4 possible SAO offsets for said consecutive bands which
is a reduction compared to 16 possible SAO offsets on a
conventional HEVC apparatus.

11. The apparatus recited in claim 10, wherein said reduc-
tion of SAO offsets reduces necessary temporary buffering by
approximately 75%.

12. The apparatus recited in claim 8, wherein said program-
ming executable on said video encoder computer processor is
configured for transmitting thirty two possible BO bands for
said first non-zero band.

13. The apparatus recited in claim 8, wherein said program-
ming executable on said video encoder computer processor
generates positioning for said four consecutive bands by add-
ing an offset i to said first non-zero band and determines a
modulo remainder based on number of BO bands Ng,,,;.» as
(first_band+i) % N, Where i€[0,4).

14. An apparatus for sample adaptive offset filtering during
video entropy decoding, comprising:

10

15

20

25

30

35

40

45

10

(a) a video decoder having a computer processor and

memory storing programming;

(b) programming executable on said video decoder com-

puter processor for:

(1) sample adaptive offset filtering of video within said
video decoder from a received encoded video signal
containing a fixed length code, having steps compris-
ing:

(A) determining position of said first non-zero band
offset (BO) based on decoding said fixed length
code;

(B) decoding four SAO offsets for four consecutive
bands determined during encoding;

(C) determining position of remaining bands in
response to adding an offset to said first non-zero
band and taking a modulo remainder based on
number of BO bands and adding decoded SAO
offsets to them; and

(D) adding zero SAO offsets to all remaining bands.

15. The apparatus recited in claim 14, wherein said pro-
gramming executable on said video decoder computer pro-
cessor performs sample adaptive offset filtering requiring
only a single band offset (BO) type.

16. The apparatus recited in claim 14, wherein program-
ming executable on said video decoder computer processor
utilizes 4 possible SAO offsets for said consecutive bands
which is a reduction compared to 16 possible SAO offsets on
a conventional HEVC apparatus.

17. The apparatus recited in claim 16, wherein said reduc-
tion of possible SAO offsets from 16 to 4 reduces necessary
temporary buffering by approximately 75%.

18. The apparatus recited in claim 14, wherein said pro-
gramming executable on said video decoder computer pro-
cessor is configured for utilizing thirty two possible BO bands
for said first non-zero band.

19. The apparatus recited in claim 14, wherein said pro-
gramming executable on said video decoder computer pro-
cessor decodes positioning information from said encoded
video signal for remaining bands having an offset i added to
said first non-zero band and determines a modulo remainder
based on number of BO bands Ng,,,.., as (first_band+i) %
Ng.as Where i€[0,4).

20. The apparatus recited in claim 14, wherein said appa-
ratus for sample adaptive offset filtering during video entropy
decoding operates according to a High Efficiency Video Cod-
ing (HEVC) standard.
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